aestivum L.) is one of the most important food crops of the world, and its productivity directly affects human survival and quality of life. Improving salt tolerance of bread wheat and increasing its productivity are the major objectives of our breeding programs. To differentiate stress-tolerant cultivars, several selection indices described below have been suggested on the basis of mathematical relationships between stress and nonstress conditions (Huang, 2000) . Tolerance (TOL; Clarke et al., 1992) , mean productivity (MP; Mccaig and Clarke, 1982) , stress susceptibility index (SSI; Fischer and Maurer, 1978) , geometric mean productivity (GMP), and stress tolerance index (STI; Fernandez, 1992) have all been employed under various conditions. Fischer and Maurer (1978) explained that cultivars with an SSI of less than a unit are stress tolerant, since their yield reduction under stress conditions is smaller than the mean yield reduction of all cultivars (Bruckner and Frohberg, 1987) . Mean productivity, GMP, harmonic mean (HM), and STI were reported as preferred criteria in selection of drought-tolerant barley genotypes by Baheri et al. (2003) . To improve wheat yield for stress-prone environments, it is necessary to identify selection indices able to distinguish high yielding wheat genotypes. Crop plants can be divided into four groups based on their yield responses to stress conditions: (i) cultivars producing high yield under both stress and nonstress conditions (Group A), (ii) cultivars with high yield under nonstress (Group B) or (iii) stress (Group C) conditions, and (iv) cultivars with poor performance under both stress and nonstress conditions (Group D) Fernandez (1992) . It is reported that under moderate drought stress, GMP, STI, and MP were the most effective indices for identifying bread wheat cultivars with high yields under both stress and nonstress conditions (Sio-Se Mardeh et al., 2006) . The main objective of this study was to identify the best wheat genotypes for salt-affected areas of Iran and compare selection indices for their relative effectiveness.
MATERIALS AND METHODS
The genetic materials used in this study consisted of 97 bread wheat lines (selected from 400 Iranian bread wheat genotypes obtained from different wheat breeding programs of the Seed and Plant Improvement Institute of Iran) varying in levels of salinity tolerance, as well as three Iranian salt-tolerant bread wheat cultivars, namely, Arg, Bam, and Kavir as tolerant checks. (Table 1) . Two field experiments were conducted in two consecutive growing seasons (2008) (2009) (2010) . In the first year (2008) (2009) , wheat genotypes were evaluated in a field experiment using an incomplete block design (LATTICE) with two replications under salt stress and control conditions. Control plots were irrigated with nonsaline water (EC of 3.0 dS m ), based on an augmented design. In saline conditions, plant materials were grown in a sandy loam soil with a pH of 7.4 and homogenized salinity level of 12.5 and 10.0 dS m -1 for soil and irrigation water, respectively, in Yazd, located in the South-Eastern part of Iran (1200 m above sea level, 32°N, 54.4°E) with a hot and arid climate. Sowing was done in mid-November in both experiments with a density of 400 plants per square meter. Each experimental plot consisted of four 1-m long rows with 25 cm distance between rows. Phosphorous fertilizer was applied as 50 kg ha -1 P 2 O 5 before sowing; nitrogen fertilizer was applied as 40 kg ha -1 N urea at sowing and tillering. Weeds were manually controlled during the growing season.
Ten plants were randomly selected from each plot to measure the number of tillers per plant (Tn), 1000-grain weight (TGW), and number of filled grain/spike (FGN). After removing the borders, the whole plot was harvested to calculate the grain yield (t ha -1 ). A standard evaluation system (SES; IRRI, 1996) was used to assign a tolerance score to each genotype, where ''tolerant'' lines had an SES < 3 (no injury symptoms), ''moderately tolerant'' genotypes scored between 3 and 5, and ''sensitive'' ones scored > 5.
Stress resistance indices were calculated using the following formulas:
Stress Intensity = 1-s P Y Y (Fischer and Maurer, 1978) (Hossain et al., 1990) [2] ( ) Fernandez, 1992) [3]
( ) Fernandez, 1992) [4] Hossain et al., 1990) [5] (Kristin et al., 1997) [6] b: The coefficient of linear regression of grain yield of a genotype in each environment on the environmental index (mean yield of all genotypes at any environment) (Bansal and Sinha, 1991) .
[7]
The analysis of traits was done based on a LATTICE design using the Lattice procedure by SAS (SAS Institute, 2004) , and the efficiency of LATTICE was not higher than randomized complete block design (RCBD); therefore, the analysis of variance was a combined analysis over the salinity levels (saline and normal) from 2008 to 2009 according to RCBD. Spearman's rank correlation coefficient between the ranks of genotypes based on their grain yields under salinity stress in both years was calculated using Microsoft Excel.
Factor Analysis
To use all stress-tolerance/sensitive indices simultaneously, a factor analysis (FA) based on a correlation matrix of genotypes with varimax rotation was conducted using the SPSS package ver. 19.00 (Yaremko et al., 1986) . Varimax rotation is an orthogonal rotation method that assumes the factors in the analysis are uncorrelated (Brown, 2009; Mohammadi et al., 2011) .
We used a biplot of the two first factors to show the distribution pattern of the genotypes in a graphical view.
Correlation Analysis
The most suitable index for selecting stress-tolerant genotypes is an index that has strong correlation with grain yield under stress and nonstress conditions (Farshadfar et al., 2001 ). Therefore, evaluating correlations between stress tolerance indices and grain yield in both environments can lead to identification of the most suitable index. To determine the most desirable salt tolerance criterion, the correlation coefficient between Y P , Y S , and other quantitative indices of salt tolerance was performed using SPSS package ver. 19.00.
Discriminant Analysis Linear Equation
Discriminant function is a criterion for better selection of the genotypes based on their phenotypic performance using several variables simultaneously (Smith, 1936 ). This analysis is being used to determine which continuous variables discriminate between two or more naturally occurring groups. To determine the most desirable salt tolerance criterion and validation of detected tolerant and sensitive genotypes, discriminant function analysis was performed using SPSS package ver. 19.00. Contrasting genotypes, out of 97 lines, were selected based on the following tolerance index,
where D is the discriminant function, v is the discriminant coefficient or weight for that variable, x is the salinity tolerance indices as variables, and i is the number of predictor variables.
The correlation of each variable with each discriminant function based on the structure matrix was used to create the discriminant function (Eq. [8]). These Pearson coefficients are structure coefficients or discriminant loadings and function like factor loadings in factor analysis. By identifying the largest loadings for each discriminant function, researchers can gain insight into how to name each function. Nowadays, many researchers are using structure matrix correlations due to their accuracy in comparison with the standard canonical discriminant function coefficients.
The coefficients in the equation are the structure coefficients or discriminant loadings which were extracted from the discriminant procedure in SPSS19.0 package. Wilks' lambda also showed significance of the discriminant function and was calculated using SPSS package ver. 19.0.
Since multivariate techniques were too complicated, the following equation was proposed (Abdolshahi et al., 2013) :
Considering salinity-tolerance/sensitivity equations, large values for MP, STI, GMP, and HM and small values for SSI, TOL, and b, represent relatively more tolerance to salinity stress. Thus, MP, STI, GMP, and HM have positive and SSI, TOL, and b have negative coefficients. Equation [9] is not accurate for raw data (Abdolshahi et al., 2013) ; hence, all indices in this equation were standardized as follows:
Where Z ij is the standard score for jth genotype in the ith index, X ij is the raw data of jth genotype in the ith index, and S i is the standard deviation of the ith index. After standardization of indices, STS was calculated.
RESULTS
The analysis of variance was combined analysis over the salt stress treatments (saline and control) from 2008 to 2009 based on RCBD. Salinity significantly affected all of the measured traits except FGN. Salt stress dramatically affected grain yield of all genotypes (Table 2 ). Significant differences were observed among genotypes. The interaction between genotypes and salt stress were significant for Tn, TGW, and grain/spike (Table 2) . Some wheat genotypes showed much better performance than the tolerant cultivars under salt stress conditions (Supplementary  Table 1 ). Interestingly, these lines performed very well under nonstress conditions too (Supplementary Table 1 ). There was a strong Spearman's rank correlation coefficient between the rank of genotypes based on their grain yields under salinity stress in both years (r = 0.99**). This can be considered as an indicator of stability and low interaction (Table 3) . Number of filled grain/spike, STI, HM, MP, and STS had a positive highly significant correlation with both Y S and Y P , whereas, the correlation between Y S with SSI and TOL indices was negative. Stress tolerance score had a positive highly significant correlation with GMP, STI, HM, and MP and a negative correlation with TOL and SSI (Table 3) . Mean productivity, GMP, and STI were the better predictors of Y P and Y S than other indices under both control and stress conditions. Several reports have introduced these indices as the most suitable criteria for selecting the best genotypes for stress-prone areas (Fernandez, 1992; Sio-Se Mardeh et al., 2006) . As reported by other researchers, grain yield under nonsaline conditions (Y P ) was positively correlated with grain yield under saline conditions (Y S ), (Golabadi et al., 2006; Mohammadi et al., 2011;  (Rizza et al., 2004) . Rosielle and Hamblin (1981) reported that selection based on the tolerance index often leads to selecting cultivars which have low yields under nonstress conditions. The greater TOL and SSI values, the greater sensitivity to stress, thus a smaller value of these indices is favored. Lines with lower SSI and TOL values than tolerant check varieties (lines number 98, 99, 100) were identified as the most tolerant lines. Line 18 had the highest SSI and TOL value was the most sensitive line (Supplementary 1). The tolerance indices (GMP, STI, HM, and MP) measure the higher stress tolerance and yield potential. Genotypes such as lines No. 26, 34, 48, 49, 51, 54, 55, 59 , and some other lines that are presented in Supplementary Table 1 were the most tolerant Correlation analysis showed that TOL had a positive correlation (r = 0.58**) with Y P and a negative correlation (r = -0.33**) with Y S (Clarke et al., 1992 , Table 3 ). Since MP is mean production under both salt stress and nonstress conditions (Rosielle and Hamblin, 1981) , it was highly correlated with Y P and Y S (Table 3) . Hossain et al. (1990) used MP as a resistance criterion for wheat cultivars under moderate stress conditions. Stress susceptibility index showed a negative correlation (r = -0.75**, p < 0.01) with grain yield under salt stress but no significant correlation was found between this index and grain yield under nonstress conditions (Table 3) . Stress susceptibility index has been widely used by researchers to identify sensitive and tolerant genotypes (Clarke and Towenley-Smith, 1984; Clarke and Duncan, 1993; Winter et al., 1988) . Different indices would not result in the same outcome. To employ all indices simultaneously, multivariate statistics such as factor analysis with Varimax rotation was performed. The first two factors explained 99.4% of total variation between the data (data not shown). Thus, a biplot was drawn based on the first two factors (Fig. 1) . The first factor (FA1), expressed 70.3% of total variation and had a high positive relationship with Y S , Y P , STI, GMP, HM, and MP and a negative coefficient with SSI. Therefore, the first factor was named as yield potential and salt tolerance. The higher scores for FA1 were in accordance with the higher rank of salinity tolerance, whereas low scores for FA1 showed salinity-sensitive genotypes (data not shown). The second factor (FA2) accounted for 29% of total variation and had high communalities with TOL and SSI and a negative coefficient with Y S , GMP, STI, and HM that was named as salt sensitive (data not shown). This factor was able to distinguish lowyielding genotypes under stress conditions with high SSI and TOL values. Regarding the factor analysis, results for the indices and biplot were displayed based on the first two factors. The scores for the first two factors for all the genotypes are presented in Supplementary Table 1 . The higher scores for FA1 and lower scores for FA2 (part A from Fig.  1a and Supplementary Table 1 ) were in accordance with the higher rank of salinity tolerance. Whereas, low scores for FA1 and FA2 showed salt-sensitive genotypes (part D from Fig. 1 and Supplementary Table 1 ). Genotypes with lower FA1 and higher FA2 scores had low grain yields (part C from Fig. 1 and Supplementary Table 1) . Since the first factor has more contribution in total variation (expressed 70.3% of total variation), genotypes in part B of the biplot (having high scores of FA1 and FA2) had a moderately tolerant reaction to saline conditions and high production potential under control conditions (part B from Fig. 1 and Supplementary Table 1) . These results are confirmed by the findings of other researchers on durum wheat genotypes (Golabadi et al., 2006; Talebi et al., 2009) . The results of factor analysis were also confirmed by discriminant function analysis. Wilks' lambda indicated a highly significant function (Wilks' lambda = 0.108, p < 0.000); therefore, the promising lines which were chosen as highly tolerant lines showed better scores than the tolerant checks (Supplementary Table 2 ). The results of Eq.
[9] and ranking of genotypes based on this equation are presented in Supplementary Table 1 . This ranking was very similar to the rankings of the other methods.
DISCUSSION
Wheat breeders have made significant improvements in adaptation of wheat to stress-prone environments (Trethowan et al., 2002; Lantican et al., 2003) . This success has largely been achieved through field-based empirical selection for stress tolerance. Simultaneous analysis of multiple parameters to increase the accuracy of the genotype ranking is the most important advantage of using a multivariate analysis in the evaluation of salt tolerance (Zeng et al., 2002) . These studies may lead us to a better understanding of the response of particular genotypes under particular environments. Field screening in salt affected areas as a routine part of the plant breeding programs would accelerate the identification of salinity tolerance in lines that may be eventually released as new cultivars. Large genotype ´ environment interaction for grain yield was observed in the stress-prone areas. This interaction complicates selection of genotypes suitable for a wide range of target environments; hence, it is essential that all the experiments be conducted under appropriate field environments in target sites and repeated across seasons. In this study, the interaction between genotype and salinity was significant for all of the measured traits. This variation can be explained, in part, by the fact that traits suitable for a given salt-affected site with its own salinity level and its specific climatic conditions may be unsuitable in another environment (Austin, 1987; Van Ginkel et al., 1998) .
Since using high-yielding and salt-tolerant varieties as parents in crossing blocks for salinity can significantly increase the effectiveness of breeding programs in developing high-yielding wheat cultivars for salt-affected areas, it may be efficient to examine these genotypes first for salinity tolerance and high-yield potential, as well as for other important characters such as grain yield. In this study, among all the genotypes and according to all indices, lines No. 26, 34, 55, 59, 67, 69, 71, 73, 80 , and 81were selected as the most salt-tolerant lines. Lines which showed higher scores for the first factor and lower scores for the second factor in factor analysis are best fitted for both stress and nonstress environments. Hence, these lines can be recommended to be used as donor parents for salt tolerance genes in wheat breeding programs for salt-affected areas of Iran (Supplementary Table 1 and Fig. 1) . Kaya et al. (2002) reported that genotypes with larger PCA1 and lower PCA2 scores had higher grain yields (stable genotypes) than the genotypes which had lower PCA1 and larger PCA2 scores (unstable genotypes). Based on present results, a positive and significant correlation was detected between GMP, STI, and MP (Table  3) ; therefore, these indices can produce similar results. Thus, we concluded that selection based on GMP, STI, and MP indices can result in high-yielding genotypes for both normal and stress conditions. Based on the findings of this study, the above mentioned indices are much better predictors of Y P and Y S than other indices under both normal and stress conditions. Therefore GMP, STI, and MP favor genotypes with high-yield potential and TOL and SSI favor genotypes with low-yield potential. Thus, different indices would not result in the same outcome. To employ all indices simultaneously, multivariate statistics, such as factor analysis, was performed. Considering the results of factor analysis and biplot display based on the first two factors, lines with the higher scores for FA1 and low scores for FA2 (part A from Fig. 1 and Supplementary Table 1 ) were in accordance with the higher rank of salinity tolerance and can be considered as promising lines that contain genes for stress tolerance and high production potential under saline conditions. Lines with grain yield higher than tolerant checks under saline conditions were identified as the most productive lines under saline conditions and recommended as promising lines for saline lands (Supplementary Table 1 and Fig. 1) . The results of discriminant function analysis were also in concordance with the explained findings (Supplementary Table 2 ). Owing to complications in using multivariate analyses, Eq. [9] was developed and proposed. The results of this equation and other used statistical methods were almost the same with respect to the order of genotypes according to their salinity stress tolerance. Equation [9] is much easier to use than multivariate techniques, such as factor analysis and discriminant function. Thus, to have all indices at the same time, Eq. [9] is proposed as an efficient screening tool for identification of salinity-tolerant genotypes.
CONCLUSIONS
This research is a part of a comprehensive breeding program for salinity tolerance of bread wheat in Iran. Based on the findings of this study, it may be concluded that the application of all tolerant/sensitive indices simultaneously is a good approach for screening salinity-tolerant genotypes. In this study, an equation (Eq. [9]) was developed to estimate STS using all salinity tolerant/sensitive indices concomitantly. Equation [9] gave the same results as statistical multivariate analyses. Since Eq.
[9] was much easier to utilize than complicated multivariate analyses, such as factor analysis and linear discriminant function, it is suggested as an efficient screening tool for identification of salinity-tolerant genotypes. We identified 10 lines as the most salinity-tolerant lines with the highest grain yield in both years. These lines can be recommended as promising lines for salt-affected areas of Iran. These lines can be utilized through appropriate selection and as donor parents in wheat breeding programs for further improvement of wheat germplasm for salinity tolerance.
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